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(54) ENGINE CONTROL APPARATUS AND ENGINE CONTROL METHOD 

(57)Abstract: 

PURPOSE: To conduct correct closed loop control of an air/fuel ratio 
for an engine while supporting indication of deterioration of a catalyst by 
applying a complementary filter set that combines sensor outputs of a 
single exhaust gas oxygen EGO from a plurality of sensors arranged in 
the upstream and downstream sides of the catalyst. 
CONSTITUTION: Sensors 21, 22 of a first and a second exhaust gas 
oxygen EGO are respectively positioned in the upstream and 
downstream sides of a catalyst 20 arranged in an engine 23. Each 
output of the exhaust gas oxygen sensors 21, 22 is respectively input 
into a complementary filter set 24 that is composed of a high pass filter 
and a low pass filter. Furthermore, the combined output of the high 
pass filter and the low pass filter is output to an air/fuel ratio feedback 
controller 25. A fuel measuring system 26 is controlled by the output of 
the air/fuel ratio feedback controller 25 and the engine 23 is in turn 
controlled. By this manner, correct closed loop control of the air/fuel 
ratio of the engine 23 is realized and deterioration degree of the 
catalyst 20 can be indicated. 
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* NOTICES ♦ 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] (a) A catalyst and the 1 st exhaust gas oxygen (EGO) sensor of the upstream of the (b) aforementioned catalyst, (c) The 2nd 
EGO sensor of the downstream of said catalyst, and the high-pass filter which is the complementary filter set which it is combined 
with the 1 st and 2nd EGO sensor of (d) above, and is characterized with a crossed frequency, and was connected to said 1 st EGO 
sensor, It connects with the output of the low pass filter connected to said 2nd EGO sensor, and said high-pass filter and said low pass 
filter. The engine control system characterized by including the complementary filter set which has an adder means to supply the 
synthetic output for using for said highpass and an engine control system from a low pass filter. 

[Claim 2] The engine control system of claim 1 characterized by having the 1st electrical-potential-difTerence follower connected 
between said 1st EGO sensors and said high-pass filters, and the 2nd electrical-potential-difference follower connected between said 
2nd EGO sensor and said 2nd low pass filter. 

[Claim 3] The engine control system of claim 2 characterized by having further the catalyst monitor output which is connected to this 
2nd electrical-potential-difference follower and this low pass filter, and supplies the signal which is the function of degradation of 
catalyst modification effectiveness. 

[Claim 4] the amplitude sensed to be it a means to compare a means to establish a low crossed frequency, and a means to sense the 
amplitude of a catalyst supervisory signal with the amplitude beforehand determined as the this sensed amplitude - eye this ** - laws 
~ the engine control system of claim 3 characterized by having a means to opt for degradation of a catalyst when smaller than the 
**** amplitude. 

[Claim 5] The engine control system of claim 3 characterized by having further a means to compare a means to increase a crossed 
frequency until it reaches the amplitude as which the catalyst supervisory signal was determined beforehand, and a means to determine 
this crossed frequency with the frequency beforehand determined as the determined crossed frequency, and a means to opt for 
degradation of a frequency when a crossed frequency is larger than this frequency defined beforehand. 

[Claim 6] The engine control system of claim 3 characterized by having further a means to compare a means to increase a crossed 
frequency until an engine control system reaches air-fuel ratio limit-cycle actuation, and a means to determine the frequency of limit- 
cycle actuation with this limit-cycle frequency and the held frequency, and a means to opt for degradation of a catalyst when a limit- 
cycle frequency is larger than the frequency defined beforehand. 

[Claim 7] The catalyst in an exhaust gas style, the 1st EGO sensor of the upstream of said catalyst, and the 2nd EGO sensor of the 
downstream of said catalyst, The complementary filter set which characterized with the crossed frequency and was connected to said 
1st and 2nd EGO sensor, and said complementary filter set The high-pass filter connected to said 1st EGO sensor, and the low pass 
filter connected to said 2nd EGO sensor, The air-fuel ratio feedback controller which has the adder connected to the output from 
highpass and a low pass filter, is connected to the output of said adder, and supplies a fuel control signal, The fuel-metering system 
which is connected so that the input from said air-fuel ratio feedback controller may be received, and supplies a fuel to an engine, The 
catalyst monitor output which is connected to said 2nd EGO sensor and supplies the signal which is the function of catalyst de- 
activation, and said complementary filter set The engine control system for the engine characterized by having ** which changes a 
crossed frequency in order to promote the decision of a catalyst failure, and includes the means to which a crossed frequency is made 
to increase from a low value until it reaches the property that the catalyst monitor output signal was defined beforehand. 
[Claim 8] (a) The step which forms the 1st EGO sensor of the upstream of a catalyst, and the step which forms the 2nd EGO sensor of 
the downstream of the (b) catalyst, (c) Connect a high-pass filter to said 1st EGO sensor, and a low pass filter is connected to said 2nd 
EGO sensor. By connecting the summer means for supplying the synthetic output for using for this highpass and an engine control 
system from a low pass filter to the output of said high-pass filter and said low pass filter The engine control approach characterized 
by including the step which combines with the 1st and 2nd EGO sensor the complementary filter set which has a crossed frequency. 
[Claim 9] The engine control system of claim 8 characterized by having the step which connects the 1st electrical-potential-difference 
follower between this 1 st EGO sensor and this high-pass filter, and the step which connects the 2nd electrical-potential -difference 
follower between this 2nd EGO sensor and this low pass filter. 

[Claim 10] The engine control approach of claim 8 characterized by connecting the catalyst supervisory-signal output whose 
amplitude supplies the catalyst supervisory signal which directs degradation of catalyst conversion efficiency between this 2nd 
electrical-potential-difference follower and this 2nd low pass filter. 

[Claim 1 1 ] The engine control approach of claim 1 0 characterized by making a crossed frequency increase from a low value relatively 
until the property that the catalyst supervisory signal was defined beforehand is attained. 

[Claim 1 2] The engine control approach of claim 1 0 characterized by said catalyst supervisory signal directing catalyst failure when a 
catalyst supervisory signal becomes lower than the value defined beforehand. 

[Claim 13] The engine control approach of claim 1 1 characterized by said catalyst supervisory signal directing catalyst failure when 
the amplitude as which the catalyst supervisory signal was beforehand determined when the crossed frequency relevant to said 
complementary filter set was higher than the frequency set up beforehand is reached. 

[Claim 14] The engine control approach of claim 1 1 which increases until the crossed frequency relevant to said complementary filter 
set reaches limit-cycle actuation, and is characterized by said catalyst supervisory signal directing catalyst failure when a limit-cycle 
frequency is larger than the frequency defined beforehand. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to engine control and an engine monitor. 
[0002] 

[Description of the Prior Art] The HEGO (heatedexhaust gas oxygen: heat exhaust gas oxygen) sensor by which many Air Fuel Ratio 
Control systems of a current car were placed ahead of the catalyst which offers the air- fuel ratio feedback signal for closed- loop air- 
fuel ratio actuation is used. However, two serious problems exist in this configuration. It may be injured by the component in which a 
HEGO sensor has low exhaust gas as for the 1st problem, and this is changing the sensor property with time amount. The 2nd problem 
becomes the cause by which a HEGO sensor may be unable to keep flow of exhaust gas chemical to an average, and a sensor shows an 
air-fuel ratio offset error according [ this ] to the air-fuel ratio unequal distribution between an engine load and a cylinder. (For 
example, refer to SAE# 80001 8, M.A.ShuIman, and D.R.Humburg work "the nonideal attribute of Zr02 and a Tt02 exhaust-gas 
oxygen sensor") 

[0003] These problems can be solved by placing a feedback HEGO sensor after a catalyst so that a sensor may be protected by the 
catalyst, and exhaust gas will be maintained at the chemical average. However, although this configuration is planned by many future 
cars, in order to produce and cheat out of early closed-loop time response, in addition, it is required that a HEGO sensor should be 
used ahead of a catalyst. Generally, the time response of the HEGO sensor placed behind a catalyst is very late by the strong property 
of a catalyst. It is desirable to combine the output of the HEGO sensor located ahead of a catalyst and the HEGO sensor located behind 
a catalyst so that the single composite signal which has the low frequency component of the sensor after a catalyst and a high 
frequency component in front of a catalyst may be offered. 
[0004] 

[Summary of the Invention] The example of this invention offers a closed loop control with an engine exact air-fuel ratio, and 
directions of conversion efficiency degradation of a catalyst. This invention generates the trouble back signal which shows degradation 
of a three way component catalyst, using the complementary filter which compounds a single exhaust gas oxygen (EGO) sensor output 
from the sensor of the upstream of a catalyst, and the downstream. According to the example of this invention, a single composite 
signal is acquired from the output of the EGO sensor located ahead of a catalyst, and the EGO sensor located after a catalyst. 
[0005] direct continuation of the synthetic output signal of this configuration can be carried out without the alteration of equipment to 
the usual HEGO sensor input of the existing air-fuel ratio control system (an engine control computer — like) in any way. The 
additional advantage of the technique proposed is to offer further the output signal which can be used for the monitor of a catalyst. For 
example, when the conversion efficiency of the hydrogen carbide (HC) of the catalyst of a car falls to about 50% or less, there is an 
advantage which can generate failure directions. 

[0006] It has the low frequency component of the sensor after a catalyst, and the high frequency component of the sensor in front of a 
catalyst, and proposes that this invention uses a complementary filter set in order to acquire the single composite signal which does not 
have crossed frequency distortion. Usually, the complementary filter set which divides into much outputs (it differs, respectively 
although each covers a part of specific perimeter wave number band) the single input signal which has large frequency 
SUPEKURAMU is used. A complementary filter set is used for changing into the signal of one large frequency band from two 
separate signals, and compounding in this invention. 
[0007] 

[Example] Drawing 1 and drawing 2 are referred to. Air-fuel ratio sensing and catalyst monitoring system which were put together are 
shown, this has the air-fuel ratio feedback and the catalyst monitor output signal which were separated, and this has the low-pass 
section where the signal from the HEGO sensor after a catalyst is combined again, and the highpass section where the HEGO sensor in 
front of a catalyst is combined. Two separate signals are combined and the signal (VL and VH) from two EGO sensors is compounded 
by one large frequency band signal. 

[0008] The example of the complementary filter set used for this approach is shown in drawing 1 . With reference to this example, the 
low-pass section of a filter set has a transfer function equal to l/[l+j (f+fc)], and, on the other hand, a highpass section has a transfer 
function equal to j(f/fc)/[l+j (f+fc)]. In these displays, j is the vector of the y-axis, f is the frequency of one of signal components, and 
fc is the crossed frequency of a filter section. Although a frequency lower than fc passes through a low-pass section, it does not pass 
through a highpass section. Although a frequency higher than fc passes through a highpass section, it does not pass through a low-pass 
section. When the signal which has the unification amplitude of all frequencies is added to low-pass ones of both of a filter set, and a 
highpass input, a composite signal is only equal to the sum total of two transfer functions, i.e., {l-/[l+j (f+fc)]}+, (j(f7fc)/[l+j (f+fc)]}, 
and this is 1 . 

[0009] Then, if it is added to the input of the HEGO sensor ****** high-pass filter section ahead of a catalyst and the HEGO sensor 
output of catalyst back is applied to the input of a low pass filter section, the frequency component from 0 of the HEGO sensor output 
ahead of a catalyst to fc will be removed, and will be transposed to the frequency component from 0 from the HEGO sensor of catalyst 
back to fc. Since the whole transfer function unifies the perimeter wave number (it was shown above like), the synthetic HEGO sensor 
signal acquired does not have crossed frequency distortion. 

[0010] If it summarizes, this invention will compound a single air-fuel ratio feedback signal from the EGO sensor in front of a 
catalyst, and the EGO sensor after a catalyst. This composition is accomplished by using a complementary filter set. If the amplitude 
pair characteristics of air/oil ratio of a sensor are similarly measured and are given, the sensor of a different type can be used for the 
EGO sensor of a catalyst front and the catalyst back. For example, the sensor in front of a catalyst can use for the EGO sensor after a 
catalyst the HEGO sensor measured proper using the UEGO (universal EGO) sensor which has a line type output. This is considered 
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to be suitable association at present. 

[001 1 ] In order to generate a catalyst supervisory signal with this configuration, the output of the HEGO sensor after a catalyst is 
examined before being processed with the low-pass section of a complementary filter. The amplitude of the HEGO sensor output after 
the catalyst by which a filter is not carried out especially can be supervised. In one example of this invention, the crossed frequency of 
a complementary filter can be relatively set as a low value throughout [ catalyst trial term ]. According to this technique, regardless of 
the conversion efficiency of a catalyst, limit cycle oscillation does not influence the HEGO sensor feedback loop after a catalyst, but 
the HEGO sensor output after a catalyst is changed by a certain random specification. Supposing a catalyst is very new, if an 
exceptionally low value is not used for a crossed frequency, limit cycle oscillation may be unable to be prevented completely. 
However, this does not affect fundamental actuation of this invention at all. With this configuration, amplitude fluctuation of the 
HEGO sensor after a catalyst decreases with decline in the conversion efficiency of a catalyst, when feedback gain is set as a low 
value. 

[001 2] Therefore, in this mode of this invention, it proposes that a certain failure of catalyst conversion efficiency detects by 
comparing with the value which only supervised reduction of the amplitude of HEGO sensor output fluctuation, and was measured 
according to the good catalyst. If the amplitude of a HEGO sensor output voltage regulation falls below in the value defined 
beforehand especially, a catalyst is judged to be failure, and a failure annunciator will be energized supposing it wishes. 
[001 3] In other examples of this invention, actuation of the catalyst monitor approach mentioned above is changeable by making it 
have the feedback control system which adjusts the value of a crossed frequency automatically so that HEGO sensor output fluctuation 
may be maintained to one of specific values, or so that the clear fixed limit cycle oscillation may instead be maintained. In this 
technique, it follows on the conversion efficiency of a catalyst falling by many years past, and a crossed frequency increases 
automatically. Therefore, in this mode of invention, it is detectable by sensing the time of exceeding the set point which has a crossed 
frequency in catalyst failure. That is, the low thing for conversion efficiency becomes high rather than the thing for the catalysts of 
conversion efficiency which has a high crossed frequency. When this arises, a failure annunciator can be energized if it is a request. 
[0014] With reference to drawing 4 , the example mentioned above starts by catalyst test initiation, and a cut off frequency (f 
CUTOFF) is made high with block 400. A logic flow progresses to the decision block 401, and is compared with the amplitude (A 
STORED) with which the amplitude of the HEGO sensor after a catalyst is held there. When not larger than the amplitude with which 
the amplitude is held, a logic flow returns to block 400. When bigger than the value with which the amplitude is held, a logic flow 
progresses to the decision block 402. It is compared with the frequency on which the cut off frequency is held in the decision block 
402. A trial is ended when not higher than the frequency on which the cut off frequency is held. When higher than the frequency on 
which the cut off frequency is held, a logic flow progresses to block 403 and a failure annunciator (MIL) is turned on there. 
[001 5] In the 3rd mode of this invention, a crossed frequency is set as a value low at first in the early stages of the catalyst duration of 
test. The low crossed frequency is required in order to avoid the high amplitude limit cycle oscillation containing the EGO sensor after 
the catalyst which can cause the saturation of a catalyst which is not permitted. And a crossed frequency can be increased until the 
clear fixed limit cycle oscillation of the HEGO sensor feedback loop after the catalyst directed with the output of the HEGO sensor 
after a catalyst is generated exactly. If the limit cycle oscillation decided once is detected, a crossed frequency will be uniformly 
maintained throughout [ trial term / of the remainder ], and the frequency of a limit cycle will be determined. When a limit-cycle 
frequency is larger than the fixed value defined beforehand, it is considered that it is catalyst failure. 

[00 1 6] With reference to drawing 5 , the catalyst test initiation by the 3rd mode starts with block 500, and a cut off frequency is made 
high there. A logic flow progresses to the decision block 501, and the amplitude of the EGO sensor after a catalyst is compared with 
the amplitude of a limit-cycle signal there. When the amplitude of the EGO sensor after a catalyst is larger than the amplitude of a 
limit cycle, a logic flow progresses to the decision block 502. When that is not right, a logic flow progresses to block 500 and a 
frequency cut-off is raised again there. A trial is ended when not larger than the frequency on which the detected limit-cycle frequency 
is held. When large, as for a logic flow, block 503 HE progress and a failure annunciator are turned on by the frequency on which the 
limit-cycle frequency is held. 

[001 7] When the catalyst surveillance test mentioned above is performed, it is necessary to prevent the feed through from the EGO 
sensor in front of a catalyst. In order to prevent the high amplitude limit cycle oscillation of the HEGO sensor feedback loop in front of 
a catalyst, it is desirable to lower the gain of this loop formation, or — or it uses a UEGO sensor for the sensor in front of a catalyst — 
moreover ~ or it is desirable to carry out the filter of the output of the sensor after a catalyst. This is needed in order to make it catalyst 
monitoring system not generate the output directions which made the mistake in originating in the high amplitude air-fuel ratio 
fluctuation which the HEGO sensor feedback loop in front of a catalyst produces, when a catalyst surveillance test is not carried out, 
this comes out in much time amount, but in order to implementation-ize proper dynamic response of this loop formation, the gain of 
the HEGO sensor feedback loop in front of a catalyst increases, and is returned to the usual value. Furthermore, the crossed frequency 
of a complementary filter is set as a value low enough so that the HEGO sensor feedback loop after a catalyst may not operate in the 
limit-cycle mode of implementation. By this approach, the HEGO sensor feedback loop after a catalyst can provide the Air Fuel Ratio 
Control system with desired dc level correction, without producing the high amplitude in a catalyst, a low frequency, and air-fuel ratio 
fluctuation. 

[001 8] In connection with many years past of a catalyst, the HEGO sensor output swing after a catalyst decreases. Since response-time 
update of the HEGO sensor feedback loop after a catalyst is improved, the value of a crossed frequency can be made to increase to 
some extent. Of course, it should not be made to increase to the point that the limit cycle oscillation which can identify the EGO 
sensor feedback loop after a catalyst produces a crossed frequency. In fact, a crossed frequency value can ensure this by controlling by 
another feedback loop, another, very important reason for setting a crossed frequency as a low value - the phase of the HEGO sensor 
output after the catalyst of a crossover field (the phase of the sensor output before a catalyst - it relates to a variation rate) ~ a 
variation rate - the phase of a complementary filter - it is in ensuring a small thing as compared with a variation rate. This has the 
advantage which can realize actually complementary filter capacity to remove crossed frequency distortion. 

[0019] The simplified block diagram which summarized the essential idea (however, the detail of a catalyst monitor is not expressed) 
of this invention is shown in drawing 2 . A catalyst 20 is connected to the upstream EGO sensor 21 and the downstream EGO sensor 
22. The engine 23 is connected so that a catalyst 20 may be provided with an exhaust gas. The complementary filter 24 receives the 
input from the EGO sensors 21 and 22. The output of the complementary filter 24 is connected to the air-fuel ratio feedback controller 
25. The fuel-metering system 26 receives the input from the air-fuel ratio feedback controller 25, and this has the connected output 
which controls an engine 23. 

[0020] With reference to drawing 3 , the EGO sensor 21 applies an input to the electrical -potential-difference follower 31, and an 
electrical -potential-difference follower supplies an output to the high-pass filter section 32 which offers an input in a summer 33. The 
electrical -potential -difference follower 34 receives the input from the EGO sensor 22, and has the output applied to the low pass filter 
section 35 which has the output applied to a summer 33 by turns. The output of the electrical-potential -difference follower 34 is also 
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an output supervisory signal. 

[0021 ] The fundamental concept currently indicated here is not based on the format of the EGO sensor actually used, therefore may 
function by the UEGO sensor as well as a HEGO sensor. Supposing a UEGO sensor is used, since these sensors generally are not used 
in limit-cycle-oscillation mode, a special policy may be changed slightly. Probably, it should be pointed out for simplification that the 
complementary filter shown in drawing 1 uses low-pass one and a highpass section for the first order transfer function. Actually, the 
high-order transfer function could be used in order to offer sharp frequency transfer between two sensors. Finally, probably, it should 
be pointed out that it is also more desirable than hardware to be carried out by software in order that the actual complementary filter 
function discussed here may make a change of the value of a crossed frequency easy. 

[0022] Various alterations and deformation will accomplish without misgiving by this contractor of the field to which this invention 
belongs. For example, probably, the specific configuration of a filter is changeable from what is discussed here. It is thought that these 
alterations fundamentally based in the instruction through these indications that have the technique which progressed are within the 
limits of this invention. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[DrawingJJ A schematic diagram including the wave relevant to the complementary filter designed so that the single EGO sensor 
output from the EGO sensor of the three way component catalyst front by the example of this invention and the back might be 
compounded. 

[Drawing 2] The block diagram with which combined air-fuel ratio sensing which has the separated air-fuel ratio feedback and the 
catalyst monitor output signal by the example of this invention, and a catalyst monitor output system were simplified. 
[Drawi n g 3] The still more detailed block diagram of a block of the complementary filter set of drawing 2 . 

[Drawing_4] In drawing showing the logic flow chart of the example of this invention, an OTTOOFU frequency increases here until a 
predetermined EGO sensor output swing is attained. 

[ Drawin g 5] In drawing showing the logic flow chart of other examples of this invention, a cut off frequency increases until it attains 
in limit-cycle actuation here, and a limit-cycle frequency is examined. 
[Description of Notations] 

20 Catalyst 

21 EGO Sensor 

22 EGO Sensor 

23 Engine 

24 Complementary Filter Set 

25 Empty / ** Feedback Control Machine 

26 Fuel -Metering System 

31 Electrical-Potential-Difference Follower 

32 High-pass Filter Section 

33 Adder 

34 Electrical-Potential-Difference Follower 

35 Low Pass Filter Section 
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DRAWINGS 



[Drawing J] 
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[Drawing. 2] 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 1 st partition of the 5th section 
[Publication date] October 26, Heisei 1 1 (1999) 

[Publication No.] Publication number 5-187297 

[Date of Publication] July 27, Heisei 5 (1993) 

[Annual volume number] Open patent official report 5-1873 

[Application number] Japanese Patent Application No. 4-166072 

[International Patent Classification (6th Edition)] 

F02D 41/14 310 
F01N 3/20 

[FI] 

F02D 41/14 310 F 

F01N 3/20 C 

[Procedure revision] 

[Filing Date] December 15, Heisei 10 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[ltem(s) to be Amended] The name of invention 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Title of the Invention] Engine control system 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim I] The catalyst in an exhaust gas style, 

The 1 st EGO sensor of the upstream of said catalyst, 

The 2nd EGO sensor of the downstream of said catalyst, 

The complementary filter set which characterized with the crossed frequency and was connected to said 1st and 2nd EGO sensor, 
Said complementary filter set has the high-pass filter connected to said 1st EGO sensor, the low pass filter connected to said 2nd EGO 
sensor, and the adder connected to the output from highpass and a low pass filter, 

The air- fuel ratio feedback controller which is connected to the output of said adder and supplies a fuel control signal, 

The fuel-metering system which is connected so that the input from said air-fuel ratio feedback controller may be received, and 

supplies a fuel to an engine, 

The catalyst monitor output which is connected to said 2nd EGO sensor and supplies the signal which is the function of catalyst de- 
activation, 

In order that said complementary filter set may promote the decision of a catalyst failure, a crossed frequency is changed, and the 
means to which a crossed frequency is made to increase from a low value is included until it reaches the property that the catalyst 
monitor output signal was defined beforehand, 
The engine control system for the engine characterized by having **. 



[Translation done.] 
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